
The effort during the reporting period Februmy 1 to Febrmary 29, 1964 
was devoted primarily t o  t h e  division of the complete program hb Pam. 
a a p ~ m t e  jobs, 
induaoted In the January progress report. 
jobs w e  on o m  tape and m y  be run oonaeautively. 

t;eat eama have been run with nroderate sum8s. 

and mat of the internal flow field was computed for the axially 8ynmtrfa 
isst eese deeemibsd I n  the f i f t h  nmgress report. A twb-dimeneional inlet 
with a shock c o r n  on the uenhrbody is also being run a t  the present t h e  
to @ b o k  out the routine for intersection of shocks of the eame f e l y .  
CUTV(B fi%Ung of the external flow region is  of great imgortance for thie 
caw, einae the flou field tmatseam of the eeoond shock wave is not t h e  
StW.SZB. 

The portion of the flow f i e l d  computed i n  each job uas 
As noted peviously, these four 

Tbe cheolcont of the new deak hae been init iated and several inviscid 
The external flow f f e l d  

The 

Rbb to the Isrgcs  number OS subroutines i n  th is  program, errors of a nitnor 
oat.rp?e arise qUib m n t l y .  These a m  being oorreated as they ax8 en- 

cowbred. Mow tha t  the complete program is included in the ndw deck tbs 
ahslrkrouC Is q a h d  to prooeed at a much faster rete. Tkye followf6g para- 
graph8 are -tad t o  a discussion of the shock boundary layer interaction 
m d m u ,  crurrently m@oyed in the program. 

In’teraetSok 

’pbo intaraction betuben ~ 1 1  oblique shack wave and either a Lamlnar or 
turbulent boundary layer is a highly conplex problem for vhich M exact solution 
@ s b .  fiooreosr, It is st i l l  possible to obtain result8 t h a t  are usefkl for 
enginemring purposes by Betting UD an idealized model of the fnteraotion and 
wmlating tihe rsolutions w i t h  exprimant4 data. By proptar use of the con- 
aem’atton equations, the gross behavior of the process it3 examitwd while the 
minute b t a l l a  in the interaction region are neglected. 
a ~wmenlxm i n t egml  amroach is umd. A control valu?ne of unhown leogth ie 
uULimd cagross which there is a discontinuity in P;resmm d w  to the ineldent 
aad r e f l e 8 b d  shock waves. 
then applied aoross t h i s  control volume (Ff- 2). A test h r  Beparation &sed 
on experimental data is incorporated into the p q g r c i m  and If the prses~rrre r b e  
2s 8ufMciently great, the c o m n t  *boundary layer separatesw is pirinted out. 

In the present analysis, 

The conaemtion of mrss and momentum eguatfonra are 



The va l id i ty  of the analysis 18 greatest for t h i n  boundary layers. If the 

thickness of the boundary layer is greater thgm the ncceptahle value, t h i s  

is also printed out. 

edge of boundzry layer 

centerbody 

Computed flow f i e l d  nr ior  to shock-boundery l ayw i n k r e c  tion. 

1) 
edge of tht? bounoary layer. 
l i n e a r l y  for  0 a t  th5s point (Figure 1). 
a b l y  upstrean of the intersection poin t ,  

2) 

As the 'cow2 l i p  shock is being computed, test for in te rsec t ion  wi th  the  

After locat ing the  i n t e r s e c k o n  m i n t ,  in te rpola te  
Region 7 propert ies  ase those imnedi- 

Point 1 invisc id  pmmrties are obta imd from a curve fi t  of t h e  region and - 

G* from the R - g a s  progra~. 
In addition, (3 , i s  needed fo r  a laminar bcurldwy layor. 

Required boundary layer properties a r e  6,  ,&, * #  8, and o 

If the  bounclwy layer 

i s  turbulent, m, is required. 

' 3) Caloulate where t is t h e  height of the i n l e t  d w t  a t  the s t a t i o n  where 
the  shock iqingement occurs ( F i p r e  1). 
culation, If 6t/t ). 0,2, print out %hick boundary layertt nnd conttnue. 

If < 0.2, proceed with the ctrl- 

Figure 2 

Vohme and d e a i p a t i o n  of regions separated By incident  and reflected 
* _ -  . 



I '  

G) Compute Pe f r o m  equation: 
2 

Mote: 
for a reel gas are sl lght  and h.ve been omitted, since the prooedure is es- 

sentially the sane. 

5) Coclpute from equation: 9 

Steps 4 through 11 are only valid fo r  a perfeat gas. The mdificstfons 

6 )  Find Se TB2' he2 and B 
.€Yon Amas w a s  mokmrn for a perfeat g a .  

2 e2 

2 e2 
Enter with  Pe and e 

7) compute 6 from equationr 
e2 

( T a b  negative sign for reflected left mnn4ng rhoc3 8s shown in Figure 2) 

from energy equaticn cnd solve f o r  I"$ ueing sound speed h.am 6) Conpute V 
2 e2 Step 6. 

Qe2 = 2 (ho - h ) t Vo 2 
e2 



a . 

tan2( 6 -6- 1 
3 2  e 

e 2 

3 
z n ?  - (a-1) - (?f+ 1) 

pe2 
D 

I-' 
@2 

Where de I s  se t  equal to 6 .'io+?.; the reflected 3hoc!f is 
streagth as d e  fncldent shock, 

of the same 

i 

Take + sign fo r  Hgure 2 situation, 

Enter Bmes R gas progrzn far a perfect gas with P cui fe3 to f ind  
e3 

a , T and Se 
e3 "3 3 

Compute Ve fkom equation: 
3 

- h ) - t $  V2 "3 = : ( h i  c3  00 



A 

15) compute the following pressure coefficients: 

P - F  

1 
e c =  e2 
v3 p i  .3 2 e.. e, 

c =  
?f 

16) Using of and Ble , oompute G frorr, equation: 
1 1 

I I 

- 0.81 for laminar boundazy layer 

a - {4  .?2 f o r  turbulent boundary layer 
where 

19) Conparts C from SCe? 22 with C *or: S t e ~  20; 
ps nf 

If C < 2 C , proceed v i t h  calculations 

If Cp 
Pf 98 

> 2 CD , mint out "?oundary Layer Swaratw" n.nd eontime. 
- S  

19) Define the boundary 1.apr pramters f nnd e, as the3 following: 

f = - se 
6 

If bcundary layer is 1mirztr, nrooeed t o  Step 20. l'f boimkry l o y y  is 
turbulent, nroceed to Step %. 

20) ~~~ 6 3  (l) = (3 of the 1st station upstream of the  shock-boundary 
layer intersection. 



/I 
c 

22) Tranzifsr ?.e Iaainslc ~ W ~ & T Y  h p r  pr0gx-a.m and compute the psopertiee 
u~,Eng the assnmed wlue of p3. Assume tin adisbatia wall. (no heat 
transfer) Etnd obtain other required input data h . 0 ~  s t m e  11 and 12, 
Compute f and g from Step I? definf t ions.  

22) compute g' from equation: 

25) b c a t e  x3, the n o i n t  of r e f l a c t i o n  cf the s h ~ c k  h n  equztfonr 

where x - 5 is measured alorg the body. 



c 

-7- 

As initid innuts, QSWEG rn a t  shock ref lect ion Doi.nt Ere equal t o  the 
values at incident point. 

i 

9 
28) Compute g from equations 

2 

23) = O*?$ 



J 
6 9, 

6 "  and '/6 have Seen obtained, oomp~te , 
3 

31) Once final values of 

from equationt 
I 

32) b a t e  x3 e8 in Stao 30. 
33) N.aw that the re f lec t ion  point, m and 6 are ? T I O ~ ~ ,  ohtqin 8 ,  Q Q . ,  cf, Gf, etc. 

from turbulent bounctFuy layer program. 
Return to invlscid upehbck (or downshock) routtne and resume computation of the 

. 
34) 

flow f ie ld ,  

, 



e -  
P "  

pomr l a w  upomnt in tmbulsat boundary layw solution 
Maoh MtpabcLT 
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